Introduction: the incidence of invasive infections caused by pneumococcus (Streptococcus pneumoniae) has declined since generalized vaccination with pneumococcal conjugated vaccine, but it is still a prevalent pathogen in children. Amongst pneumococcal invasive infections, IE (infectious endocarditis) is rare, with an incidence between 1 and 7%. Case report: We describe the case of a previously healthy 4 year old boy, who had received one dose of 10-valent pneumococcal conjugate vaccine who presents with fever, a new heart murmur and heart failure. Blood cultures were positive for penicillin susceptible pneumococcus. The transthoracic echocardiogram showed tricuspid and pulmonary valve vegetations. The patient received 4 weeks of antibiotic treatment for pneumococcal IE. He presented secondary valve damage that needed surgical treatment. Conclusions: IE should be considered as a differential diagnosis of children presenting with fever and a newly diagnosed heart murmur, and pneumococcus as an etiologic agent in non hospitalized febrile patients with severe infections.
Introduction
Pneumococcal infections have decreased in the last decade due to the use of the pneumococcal conjugate vaccine around the world. However, they are still prevalent in pediatrics. Infectious endocarditis (IE) caused by S pneumoniae is a rare form of presentation 1 . In the pre-antibiotic era, pneumococcus caused between 10 and 15 percent of IE 2 . Nowadays, the reported incidence ranges from 1 to 7 percent 3, 4 probably related to the early antibiotic treatment of respiratory tract infections and bacteremias, and pneumococcal vaccine 5 .
IE is a disease with high morbidity and mortality and it requires a high index of suspicion since the identification of the germ and the endocardial compromise, the early treatment, and avoiding possible complications, are decisive factors in the outcome of the patient.
The objective is to present the case of a child with no history of disease, who was admitted with pneumococcal IE.
Clinical Case
A 4-year-old child, born in Paraguay and without previous pediatric controls, was referred to J. P. Garrahan Hospital with a clinical history of fever of 10 days of evolution, and heart failure. The patient had no clinical history of disease, and the national schedule immunization program had been applied, with a dose of 10-valent pneumococcal conjugate vaccine after 12 months of age according to the protocol used in Paraguay.
The patient had consulted in place of origin for 10 days of fever, asthenia and adynamia. A physical examination showed sustained tachycardia and an intermittent third heart sound.
The child was referred with a diagnosis of heart failure for a reassessment of probable undiagnosed congenital heart disease. At the time of admission, the patient was severely ill, fever 104°F (40 °C), pallor of skin and mucous, normotensive (85/60 mmHg), and tachycardic (120 beats/min). A systolic heart murmur in pulmonary focus and another in mesocardial area were found, with dorsal irradiation and to all foci, both of 4/6 intensity. The splenic edge was found 2 cm below the left costal arch and he presented mild painful hepatomegaly.
An ECG (electrocardiogram) showed sinus rhythm, atrioventricular conduction 1 to 1, heart rate 110 beats/min, P-R interval 0.12 msec. QRS axis 60°. Deep Q wave in Lead III only. Signs of septal and right ventricle hypertrophy. Nonspecific repolarization disorder (inverted T wave in V5).
The chest X-ray showed cardiomegaly (cardiothoracic ratio 0.65). Figure 1 .
In the first laboratory tests, the patient presented hyperleukocytosis with left deviation (28,700 white blood cells/ mm 3 , 79% neutrophils, 13% lymphocytes) and anemia (Hb 10.7 gr%) with thrombocytosis (450,000 platelets/mm 3 ). The erythrocyte sedimentation rate in the first hour was higher than 120 mm and the C-reactive protein was increased (292 mg/L, normal value up to 5 mg/L) A TTE (transthoracic echocardiogram) was performed and it showed a 1 cm rounded image on the auricular surface of TV (tricuspid valve) with tricuspid insufficiency due to septal perforations and other images in PV (pulmonary valve), the greatest of 5 mm. In addition, a RV (right ventricle) hypertrophy was observed with outflow tract obstruction and subtricuspid IVC (interventricular communication). The ventricular function was normal. The IVC was read as secondary since in the retrospective review of the echocardiogram performed in the beginning of the clinical picture in the place of origin an interventricular shunt had not been evidenced and, instead, a vegetation was observed in that localization.
The day of the hospital admission, 3 peripheral BC (blood cultures) were performed and intravenous antibiotic treatment was indicated with vancomycin 60 mg/kg/day every 6 hours, gentamicin 5 mg/kg/day every 8 hours, and ceftriaxone 100 mg/kg/day with a diagnosis of native valve IE.
On the second day of hospitalization, 2/3 BC from bottles incubated in automated system BacT/ALERT® (bioMérieux) develop pneumococcus It was presumptively categorized with optochin sensitivity and it was confirmed by bile solubility test and by mass spectro- metry with VITEK® MS (bioMérieux) with a level of confidence of 99.9%. The sensitivity tests were performed according to CLSI current guidelines6. It was sensitive to penicillin with a MIC of 0.04 ug/ml and ceftriaxone with a MIC of 0.04 ug/ml. The strain was referred to the national reference laboratory National Laboratories and Health Institutes Administration Carlos G. Malbrán (ANLIS) where it was serotyped using the Quellung reaction. Its capsular serotype was 6A.
From the microbiological identification, the antibiotic treatment was modified to ceftriaxone 80 mg/ kg/day.
The general condition of the patient improved. After 72 hours of proper treatment, the BC were negatives. One week after hospitalization, the child was still febrile. The control echocardiogram showed the disappearance of one of the vegetations described on the PV and the concomitant appearance of pleural effusion was documented. Thoracocentesis and pleural tube insertion were performed. The pleural fluid culture was negative.
The child was febrile until day 11 of treatment. The acute-phase proteins slowly improved during hospitalization.
He completed 4 weeks of intravenous treatment and was discharged from the hospital with acute-phase reactants within normal ranges. The last echocardiogram showed severe TV insufficiency with small pulmonary vegetation and subtricuspid IVC with leftright shunt. One month after discharge, valvuloplasty of the TV was performed, as well as the surgical correction of residual IVC. The culture of the excised vegetation was negative.
The patient received a 13-valent pneumococcal conjugate vaccine for residual heart disease. Antibiotic prophylactic measures were indicated for IE. The child continues under pediatric, infectious and cardiological follow-up with excellent evolution.
Discussion
IE in children is a rare disease but it generates high morbidity and mortality. In children, the true incidence of IE is not known because there are few reported series. In Argentina, at J. P. Garrahan Hospital in 2007, the estimated incidence of IE was 4.9/10,000 admissions/year 1 .
The pediatric epidemiology of IE has changed radically in the last decades. In the past, the main predisposing factor was rheumatic heart disease. However, currently, 80-90% of patients have other underlying conditions, the most important being congenital heart disease with or without previous surgery.
The etiological agents of native valve IE in children are mainly S aureus, bacteria of the genus Streptococcus spp. (particularly S viridans) and Enterococcus spp, which together cause more than 80% of IE. Although several authors consider S viridans to be the most frequent microorganism in the first year of life, in Argentina S aureus predominates in both children and adults. In contrast, Enterococcus spp is less common in children than in adults 1 .
Pneumococcal endocarditis is a rare condition. An incidence of 1-7% is described in the literature 3, 4, 5 . In a study conducted at J. P. Garrahan Hospital, it was found that 8% of IE diagnosed between 1988 and 2006 had pneumococcal identification 7 .
The clinical picture of IE from S pneumoniae is usually acute and severe, as in the case presented. In a review of 11 pediatric cases by Givner et al. all patients had fever, 73% gastrointestinal symptoms, 64% chills and asthenia or weakness, and 45% of children had heart murmur or modification of a pre-existing one. 3 Another study published by Choi et al. describes the appearance of a new heart murmur as the most frequent sign of presentation 8 .
In our patient, the presence of fever and previously undocumented heart murmur associated with heart failure were very suggestive signs of IE.
Large vegetations in pneumococcal IE are also described, and hemodynamic instability and systemic embolisms are common. Skin lesions characteristic of IE, such as Janeway disease or Osler's nodes, are uncommon in pneumococcal endocarditis 8 .
The Osler's triad or Austrian syndrome, typical of pneumococcal IE, consists on the association of pneumonia, meningitis, and endocarditis due to S pneumoniae. This triad occurs in about half of the cases and it is associated with extensive valve damage and high mortality (about 50% in some series of cases) 4,9 . Pneumococcal IE occurs in 87-92% in native valves 10 . The involvement of the mitral valve in IE by this agent is described in the literature. It can also affect the aortic and tricuspid valve 8 .
The diagnosis of IE in children is based on clinical suspicion, microbiological findings, and echocardiogram. Unlike IE in adults, TTE in pediatrics has a 97% sensitivity 11 , but TEE (transesophageal echocardiography) may be required, especially in cases of leaks or perivalvular dehiscences, complications in the outflow tract of the left ventricle, compromise of the sinuses of Valsalva, endocarditis on prosthetic valves, and in children with transthoracic window limitations (congenital or acquired rib cage abnormalities, intracardiac prosthetic material, chest wall disruption due to trauma or previous surgeries) 12 . In those patients with high suspicion of IE in which no vegetations are documented in TTE, it may be neces-sary to repeat it within 5 to 7 days after the initial diagnosis and eventually complete the evaluation with a TEE 13 . In the patient presented, the endocardial compromise was evidenced in the TTE performed at admission.
The child presented in this report had received one single dose of 10-valent pneumococcal conjugate vaccine. The serotypes contained in this vaccine are 1, 5, 4, 6B, 7F, 9V, 14, 18C, 19F and 23F14. In this case the identified S pneumoniae serotype 6A was not included in such vaccine.
The antibiotic treatment should be adjusted to the identified microorganism and antibiotic sensitivity. The recommended treatment for IE for penicillinsensitive streptococcus, including pneumococcus, is the combination of penicillin G or third-generation cephalosporins with gentamicin, with a total duration of treatment of 4 weeks 12 . Argentina participates in a system that documents the antibiotic sensitivity of pneumococcus. Such system is called System of Networks for Surveillance of the Bacterial Agents Responsible for Pneumonia and Meningitis (SIREVA) and its aim is the regional surveillance of antibiotic sensitivity and predominant serotypes. The 2012 report highlights the decrease in penicillin resistance to 0.7% and 1.5% to third-generation cephalosporins in strains of S pneumoniae invasive infections 15 .
In a study that included 171 pneumococcal bacteremias in children between 2008 and 2013, all isolates were sensitive to penicillin, cefotaxime, and ceftriaxone 16 .
Exclusive antibiotic treatment in IE may be insufficient. Surgery should be considered in the event of cardiac failure or persistent bacteremia refractory to treatment, severe valve failure (aortic or mitral) with associated ventricular failure, in large vegetations or in the event of major embolic phenomena. Surgery is not recommended to prevent an embolic event because it is not proven to be beneficial and because of the long-term risks of childhood valve replacement 12 .
An early surgical intervention in patients with pneumococcal IE and hemodynamic instability was associated with a significant reduction in mortality 2, 8 .
Conclusion
Although IE is a rare childhood disease, its high morbidity and mortality compel us to have a high index of suspicion in order to make an early diagnosis and start appropriate treatment.
Despite the decrease in the incidence of invasive pneumococcal infections since the introduction of the conjugate vaccine, these infections should be suspected for non-vaccinal serotypes in febrile patients with severe community-acquired infections.
Diagnosis of IE should be considered among the differential diagnoses of all febrile children with the appearance of a new heart murmur.
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